Women with epilepsy, especially those of child-bearing age, are faced with difficult choices when it comes to choosing the most suitable antiepileptic drug (AED). This is particularly so for those with idiopathic generalized epilepsies, or those for whom seizure syndrome is not immediately apparent, where sodium valproate is still considered the drug of choice. While with treatment most might expect to become seizure free, without any adverse effects, other considerations for women mean that valproate is usually initially avoided, with other AEDs such as lamotrigine or levetiracetam being chosen in preference. Based on current information, this article attempts to provide an overview on whether or not the availability of these and other broad-spectrum AEDs have solved the difficulties of using valproate in women of child-bearing age.
INTRODUCTION
Epilepsy is the most common, chronic serious neurological disorder and affects 4-10 out of every 1000 people, in the developed world. 1 It can be defined as the condition, or more accurately the set of conditions, in which individuals have a tendency to recurrent, usually unprovoked epileptic seizures. These can be of many different types, be of multiple aetiologies and can be associated with markedly differing responses to treatment. When classifying the 'epilepsies,' a more useful approach is to classify by epilepsy syndrome (Table 1 ). 2 The epilepsy syndromes are groups of disorders which are characterized by clusters of symptoms and signs which customarily occur together. Individuals with a particular epilepsy syndrome will broadly speaking have similar types of seizures, will show similar investigation results, will demonstrate similar responses to treatment and have a similar long-term prognosis.
The idiopathic generalized epilepsies (IGEs) represent a number of disorders which are increasingly felt to have a genetic basis. They often present in an age-dependent fashion in individuals who are otherwise well with seizure types which include primarily generalized tonic-clonic, absence and myoclonic seizures. They encompass such epilepsy syndromes as juvenile myoclonic epilepsy, juvenile absence epilepsy and epilepsy with generalized tonic-clonic seizures on awakening. As a group they are usually very satisfying to treat with most individuals achieving long-term seizure freedom. 3 Unlike partial onset seizures, however, they tend to respond to a limited number of antiepileptic drugs (AEDs), with other commonly used AEDs, including carbamazepine, phenytoin and oxcarbazepine having a tendency to exacerbate certain seizure types such as absences and myoclonus. Furthermore, for most, long-term prognosis is treatment dependent and there is a significant risk of seizure relapse if treatment is withdrawn. Treatment is therefore considered to be necessary long term, if not lifelong. For women of child-bearing years with epilepsy this is of particular importance.
For the IGEs, AED choices are generally restricted to broad spectrum AEDs, which are generally considered to include valproate, lamotrigine, levetiracetam, topiramate and zonisamide. For those with generalized tonic-clonic seizures only and focal epilepsy, narrower spectrum AEDs such as carbamazepine can also be used.
Based on currently available information, valproate is considered the 'gold standard' AED for the treatment of the IGEs or those for whom classification is not possible. This was confirmed in the SANAD (Standard Against New Anti-epileptic Drug) trial which compared the effectiveness of valproate, lamotrigine and topiramate in those with generalized or unclassified epilepsy. 4 Valproate does not always work, however, or may be contra-indicated. Furthermore, valproate is now considered not to be an AED of choice for women with epilepsy of child-bearing years. 5, 6 This view initially arose from the results of studies comparing major congenital malformation (MCM) rates in offspring exposed in utero to AEDs. More recently studies assessing the cognitive and behavioural impact of in utero AED exposure have also revealed significant concerns for valproate. 7, 8 It is therefore now held that for women of child-bearing age, in whom pregnancy could occur, particular caution must be exercised when using valproate, to the extent that where there are other options, valproate should not be considered a first-line treatment for women with epilepsy. The development of other AEDs such as lamotrigine and levetiracetam, but also topiramate and zonisamide, is therefore welcome.
This article aims to consider the evidence in favour of lamotrigine and levetiracetam over valproate in managing women with epilepsy, taking account of those issues relevant during the child-bearing years ( Table 2) . Where there is any information on topiramate and zonisamide this will be mentioned. Both areas of knowledge and uncertainty will be discussed.
VALPROATE, LAMOTRIGINE, LEVETIRACETAM AND APPEARANCE
Sodium valproate can cause hair loss, acne and hirsutism. In addition, it can also stimulate appetite leading to obesity. In contrast, lamotrigine and levetiracetam are not associated with an adverse effect on appearance.
VALPROATE, LAMOTRIGINE, LEVETIRACETAM AND CONTRACEPTION
Contraception in women with epilepsy is a topic of great practical importance for which there are plenty of guidelines to assist the clinician, including those of the National Health Service (NHS) Institute for Health and Clinical Excellence (NICE) epilepsy guidelines 9 (http://guidance.nice.org.uk), the Scottish Intercollegiate Guidelines Network (SIGN) guidelines on the diagnosis and management of adults with epilepsy 10 (http:// www.sign.ac.uk/guidelines/fulltext/70/index.html), primary care guidelines on the management of epilepsy in women from the Royal Society of Medicine 11 (Epilepsy Guidelines Group, 2004) and Guidelines from the Royal College of Obstetricians and Gynaecologists Faculty of Sexual and Reproductive Healthcare Clinical Effectiveness Unit 12 (http:// www.ffprhc.org.uk).
Neither valproate nor levetiracetam nor zonisamide exhibit any interactions with any methods of contraception. The situation for lamotrigine is not clear. While initially reported as not interfering with the combined oral contraceptive pill (COCP), there is one report in which lamotrigine was associated with a small decrease in the levels of the progestin used in this study, levonorgesterol, with the area under the curve reduced by 19% and maximal concentration by 12%. 13 On the basis of this the manufacturer has recommended that women are informed of the potential for pill failure and that additional methods of contraception are used.
A second issue relating to co-administration of the COCP with lamotrigine is the effect the COCP has on systemic lamotrigine levels. In some women plasma lamotrigine levels are approximately halved by co-administration of the COCP. 14 This may result in reduced seizure control after the addition of the COCP or conversely may result in lamotrigine toxicity following removal of the COCP. Therefore, substantial care should be taken when introducing the COCP in someone who is seizure free on a stable dose of lamotrigine as well as withdrawal of the COCP in patients on lamotrigine. Some consideration might be given to checking serum lamotrigine levels before and after starting the COCP with doses being adjusted to maintain seizure control and minimize toxicity.
Based on the above, the Faculty of Sexual and Reproductive Healthcare Clinical Effectiveness Unit of the Royal College of Obstetricians and Gynaecologists recently updated their guidance on AEDs and contraception to include lamotrigine as a 'condition' where the 'theoretical or proven risks of the COCP generally outweigh the advantages' stating that the 'provision of the COCP requires expert clinical judgement and/or referral to a specialist provider, since the use of the method is not usually recommended unless other methods are not available or not acceptable' (http://www.ffprhc.org.uk). 12 In contrast, lamotrigine therapy is listed as a condition for which there is no restriction on the use of either the progestogen-only pill or progestogen-only implant (http://www.ffprhc.org.uk). 12 Based on the results of the study from Sidhu et al., 13 there must however be doubt on the effectiveness of progestogen-only methods of contraception in women taking lamotrigine.
Topiramate is a CYP3A4 inducer, but the contraceptive efficacy of the COCP is thought not to be affected at monotherapy doses ,200 mg/day. 15 It might however be considered best practice to recommend that barrier methods are also used even at doses of topiramate ,200 mg/day. Low-dose progestogen methods (such as the progesterone-only oral contraceptive) are not recommended when topiramate is being taken.
VALPROATE, LAMOTRIGINE, LEVETIRACETAM AND FERTILITY
Much has been written about the effects of individual AEDs on female fertility. A full review of this area is beyond the scope of Craig. Epilepsy and pregnancy this article. Epilepsy and AEDs are associated with changes in hormones that may contribute to reproductive and sexual dysfunction in women, as well as abnormalities of bone health. The most common disorders of reproductive functioning in women with epilepsy are polycystic ovarian syndrome (PCOS) and hypothalamic amenorrhea. 16, 17 PCOS, defined as the presence of multiple follicular cysts, ovulatory dysfunction (oligo-ovulation and anovulation) and clinical or serological evidence of hyperandrogenism, is estimated to occur in about 5% of women without epilepsy but in up to 20% of women with epilepsy. The relationship between PCOS and epilepsy is complicated, but since the original observation by Isojarvi and colleagues 18 that sodium valproate may be associated with an increased incidence of PCOS, cross-sectional studies have produced conflicting results, either demonstrating a significant association between valproate and PCOS or reporting no significant association at all. 19 Valproate-associated changes do seem to be reversible. 20, 21 In contrast to valproate, data relating to lamotrigine have failed to show an increased prevalence of PCOS. 19 In a cross-sectional prospective, randomized, longitudinal trial, Morrell et al. 22 evaluated the impact of valproate on the development of PCOS. Women with epilepsy and regular menstrual cycles were randomized to treatment with valproate or lamotrigine and followed for 12 months. Women starting valproate were significantly more likely to develop PCOS than those taking lamotrigine (9% versus 2% respectively, P ¼ 0.007). So far, there is little evidence relating to the risks of PCOS with longterm treatment with levetiracetam. 23 
VALPROATE, LAMOTRIGINE, LEVETIRACETAM AND BONE HEALTH
It is known that alterations of reproductive hormones by AEDs may have adverse consequences on bone health. 24, 25 While the negative impact on bone health may be a consequence of increased clearance of vitamin D by cytochrome P450 enzyme-inducing AEDs, it is clear that non-enzyme inducing AEDs including valproate 26, 27 may also be associated with an increased fracture risk. There are limited data on other commonly used AEDs, although drugs such as topiramate and zonisamide that inhibit carbonic anhydrase may theoretically affect bone health by inducing a metabolic acidosis. 25 There are no clinical studies on levetiracetam although animal data suggest levetiracetam may reduce bone strength without altering bone mass density. 28 
VALPROATE, LAMOTRIGINE, LEVETIRACETAM AND PREGNANCY

Risks to the mother
The main concern to the mother during pregnancy is deterioration in seizure control. Not only is there a risk of harm from seizures, but there are psychosocial consequences, such as loss of driving rights and the perceived inability for someone to care for a new born child. As well as the risks from trauma during seizures there are also concerns from increased maternal mortality. The confidential enquiries into maternal deaths in the UK covering the period from 1997 to 1999 identified that maternal mortality was increased 10-fold for women with epilepsy compared with the prevalence of epilepsy. 29 While the reasons for the increased risk are not fully understood follow-up reports have consistently reported that sudden, unexpected death in epilepsy (SUDEP) accounts for most of the excess deaths. In the most recent report spanning 2006-2008, 14 of the 261 maternal deaths were recorded as being due to epilepsy. 30 Of the 14, nine were taking lamotrigine, none of whom had their AED level measured in pregnancy and 11 were felt to have died as a result of SUDEP. Of the five who had AED levels measured at autopsy, three had a subtherapeutic level and two a low level.
For most women with well controlled epilepsy, seizure control does not deteriorate during pregnancy. This was shown in a study of 1956 prospectively identified cases. Using first trimester seizure control as the reference, seizure control was found to be unchanged throughout pregnancy in 63.6% of cases. Of these, 92.7% were seizure free during the entire pregnancy. 31 Seizure control did however differ slightly depending on the AED taken, with approximately 90% of those women taking valproate compared with 83% of those taking lamotrigine being seizure free in pregnancy. Unfortunately no data were available for levetiracetam. While there are potentially many reasons why these differences were observed, it is interesting to compare the above with what is known about how AED levels change during pregnancy. For lamotrigine, apparent clearance increases steadily throughout pregnancy, peaking at about the 32nd gestational week, when a 330% increase from baseline has been observed. 32 -36 The observed fall in lamotrigine levels during pregnancy has been reported as being associated with deterioration in seizure control. Levetiracetam levels have also been shown to drop as much as lamotrigine in pregnancy. 37 Whether or not this is clinically relevant has not been studied.
There is currently no consensus on how best to monitor AED levels, in particular lamotrigine, during pregnancy. It has previously been advocated that a baseline, preconception, unbound (free) AED level, repeated at the beginning of each trimester and in the last four weeks of pregnancy, should be the minimum level of monitoring. 38 More frequent measurements will be necessary if seizure control deteriorates, side-effects ensue or compliance is an issue. For most AEDs routine monitoring of serum levels is probably not necessary. For lamotrigine, some are of the opinion that close monitoring is mandatory and that drug levels should be increased if serum levels fall, to prevent deterioration in seizure control. 39 That close monitoring may be effective at minimizing seizure deterioration was shown in 42 pregnant women receiving lamotrigine where monthly monitoring and dose adjustment was associated with only 19% having an increased seizure frequency. 40 Whether such practices expose the fetus to additional risks has not been established.
In an attempt to resolve the above difficulties, The National Institutes for Health Research (NIHR) have funded a large multicentre randomized controlled trial, EMPIRE (Antiepileptic drug management in Pregnancy: an evaluation of effectiveness, cost-effectiveness and acceptability of dose-adjustment strategies). This aims to identify the optimal monitoring method for pregnant mothers on various AEDs (http://www.icms.qmul.ac.uk/chs/ pctu/current_projects/EMPIRE/37438.html). 41 During the study if serum levels of AEDs fall, women will be randomized to a therapeutic drug-monitoring regimen or usual care involving monitoring clinical features. The primary outcome measure is seizure control with fetal outcome as a secondary measure. When completed, the study will be the largest trial in pregnant mothers with epilepsy, involving more than 35 centres in UK, with a sample size of 1000 women.
Risks to the fetus
When considering the risks to the fetus these are usually taken to be the risk of:
(1) MCMs, in other words malformations of such significance that they require medical or surgical intervention; (2) Minor abnormalities, which while occasionally disfiguring, do not require intervention; Most of the available literature has concentrated on the risk of MCMs. Information is now also available on the risks to cognitive and behavioural development from in utero AED exposure.
Overall, the risk of MCMs from in utero AED exposure in monotherapy is increased by a factor of two to three, from the background risk of 2-3%. 42, 43 Exposure to polytherapy is associated with a greater risk for MCMs, which increases the more AEDs are taken. 44 -49 
Risks for MCMs
Based on available information valproate appears consistently to be the AED associated with the highest risk for MCMs. 46, 50, 51 A wide range of risks has however been reported (Table 3 ). Possible reasons for this wide range include different methods of recruitment, different definitions of MCMs and differing times for follow-up. 52 For a number of AEDs, dose is also an important determinant for the risk of MCM. 46, 51 This seems especially important for valproate where total daily doses less than between 700 and 1000 mg per day carry significantly lower risks for MCMs. 46, 51 With regard to lamotrigine, the International Lamotrigine Pregnancy Registry recently reported an MCM rate of 2.2% (95% CI 1.6-3.1%) among 1558 first trimester lamotrigineexposed pregnancies. 53 Data from the UK Epilepsy and Pregnancy Register revealed a similar malformation rate for pregnancies exposed to lamotrigine alone, with 21 of 647 (3.2%) infants having an MCM. A positive dose-response was seen in keeping with exposure to other AEDs, with 5.4% of pregnancies exposed to more than 200 mg a day of lamotrigine having an MCM. 46 This was not that different from the MCM rate observed by the same investigators for pregnancies exposed to less than 1000 mg a day of valproate. 46 A positive dose response was also found by the EURAP investigators, 51 but not by the North American Pregnancy Register or the International Lamotrigine Registry. 53 -55 With regard to levetiracetam, published cases are limited. Three small reports of pregnancies exposed to levetiracetam have not raised any obvious concerns. 56 -58 The UK Epilepsy and Pregnancy Register have reported on 362 pregnancies exposed to levetiracetam. There were no MCMs among the 133 monotherapy exposures and nine among the 229 exposed to levetiracetam as part of a polytherapy regimen. 59 Less information is available for topiramate. The UK Epilepsy and Pregnancy Register reported on 203 pregnancies exposed to topiramate. Of the 70 cases that had just received topiramate, three (4.8%) had an MCM, of which two were clefting abnormalities and one a case of hypospadias. 60 In contrast, in another study of 52 pregnancies exposed to topiramate, no concerns were raised. 61 The North American AED Pregnancy Registry has published data in abstract form for 197 monotherapy exposures to both topiramate and levetiracetam; eight and four MCMs were noted respectively equating to rates of 4.1% and 2.0%. In keeping with results from the UK, two of the eight MCMs with topiramate were cleft lip deformities. 62 For zonisamide, data for exposed pregnancies are even more limited. The only published report includes 25 pregnancies. 63 Considering some concerns were expressed in this small study, the lack of further information from many more pregnancies is clearly a concern.
With regard to specific MCMs, exposure to valproate in early pregnancy is associated with significantly increased risks for spina bifida, atrial septal defects, cleft palate, hypospadias and craniosynostosis. 64 The risk of spina bifida (1-2%) 46, 65, 66 is dose dependent, with the greatest risk for those exposed to doses of greater than 1000 mg per day. Skeletal defects, including radial ray aplasia, rib and vertebral anomalies 67 and polydactyly, have also been reported.
No distinctive pattern of malformations has been reported for lamotrigine, although a 10.4-fold (95% CI 4.3-24.9) increase in the rate of clefting abnormalities was noted in the North 
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American Pregnancy Registry. 55 In contrast, the UK Epilepsy and Pregnancy Register 68 and the European Surveillance of Congenital Anomalies found no evidence of increased isolated oro-facial clefts relative to other MCMs for lamotrigine. 69 
RISKS FOR MINOR ANOMALIES/ FACIAL DYSMORPHISM
In addition to MCMs, minor anomalies have also been related to valproate exposure. A combination of facial dysmorphic features, which has been called the fetal valproate syndrome (Table 4) , 70 and which is felt by some to be distinct from that seen with other AEDs such as phenytoin, has also been described. Dysmorphic features such as epicanthal folds, long philtrum, flat nasal bridge and hypertelorism do occur with other AEDs. The significance of dysmorphic features is still largely unknown, although a few recent studies have shown that there is a significant negative correlation between dysmorphic features and verbal intelligent quotients (IQs). 7, 71 Risks for cognitive functioning/behavioural upset
The effects of in utero exposure to AEDs on cognitive functioning and behaviour have not been studied as comprehensively as studies on MCMs. A Cochrane review previously concluded that the majority of studies in this area were of limited quality with little evidence implicating one drug over another with respect to a detrimental effect on development. 72 However, more recent studies have begun to clarify the impact of AEDs on neurodevelopment.
Studies have shown mean IQ to be significantly lower in the children of women with epilepsy compared with controls. 73 -76 While it has been suggested that these findings are independent of AED exposure, a growing body of evidence suggests AEDs do carry risks. To date, valproate has been reported as having the most detrimental effect. For example, in one study from the Merseyside Regional Epilepsy Centre, 30% of those exposed to valproate, and 20% exposed to polytherapy containing valproate, had additional educational needs. 77 In a further study, the same group found that verbal IQ was significantly lower in children exposed to valproate monotherapy (mean 83.6, 95% CI 78.2 -89.0; n ¼ 41) than in unexposed children (90.9, 87.2-94.6; n ¼ 80) or in children exposed to carbamazepine (94.1, 89.6 -98.5; n ¼ 52) or phenytoin (98.5, 90.6-106.4; n ¼ 21). 7 Multiple regression analysis revealed that in addition to exposure to valproate, five or more tonic-clonic seizures in pregnancy and low maternal IQ were also associated with lower verbal IQ. Doses of valproate over 800 mg/day were associated with lower verbal IQ than lower doses.
The prospective Neurodevelopmental Effects of Antiepileptic Drugs (NEAD) study applied the Bayley Mental Developmental Scale at three years in 309 children born to mothers taking AEDs. 8 In the NEAD study, the valproate group global IQ was reduced by nine points compared with the lamotrigine group, seven points compared with the Phenytoin group and six points compared with the Carbamazepine group. The association between valproate use and global IQ was dose dependent: children born to mothers taking a valproate dose of less than 1000 mg per day had a global IQ that was not significantly different from that in children born to mothers taking carbamazepine, lamotrigine or phenytoin. In a further study in the same cohort, 78 dose-related effects of AED exposure on both verbal and non-verbal cognitive ability was assessed using a variety of measures. At the time of assessment (mean age 3 years), infants exposed to valproate scored worse on tests of verbal and non-verbal functioning (scores adjusted for maternal IQ, maternal age, dose, race, alcohol and folic acid use during pregnancy). No significant effects were observed for lamotrigine or phenytoin. A dose-dependent relationship was present for lower verbal and non-verbal abilities with valproate. Other groups have also reported that valproate is associated with worse cognitive outcomes, especially with regard to language skills, and also that the effect is dose related. 79 -81 With regard to the effect of lamotrigine on cognitive development, data are more reassuring. This has been demonstrated by a number of groups (8, 78 -81) and from a study from Northern Ireland, which did not find any significant effect of lamotrigine on cognitive development. 82 Data for the other newer AEDs are restricted to levetiracetam. In a study from the Liverpool and Manchester Neurodevelopmental Group and the UK Epilepsy and Pregnancy Register which compared cognitive development in children exposed to levetiracetam and valproate, children exposed to levetiracetam in utero were not at an increased risk of delayed early development compared with control children. In contrast, those exposed to valproate scored significantly worse. 83 
VALPROATE, LAMOTRIGINE AND LEVETIRACETAM, AND BREASTFEEDING
Breastfeeding should be encouraged and may even have the additional advantage that it ensures the baby is gradually withdrawn from AED therapy. AEDs are excreted in breast milk at a level inversely proportional to the degree of maternal serum protein binding. 84 -86 Hence, the amount transferred to the infant in breast milk varies substantially between AEDs ( Table 5 ). Valproate is heavily protein bound and therefore excreted in small quantities in breast milk.
Information on the concentration in breast milk of the newer AEDs is rather limited; however, preliminary data indicate that lamotrigine passes into breast milk in significant levels. 33 When combined with the effects of immature hepatic uridine disphosphate glucuronysltransferase enzyme systems, neonatal exposure to lamotrigine might result in high blood concentrations in some infants, a problem that could be compounded if valproate is also taken. 87 Possibly of more importance, this may also call into question the safety of increasing lamotrigine doses to keep up with falling serum levels in the mother. So the effects of immature hepatic enzyme systems could mean that any increase in dose, to maintain maternal serum levels, could translate into a markedly elevated serum level in the infant.
There have been concerns that breastfeeding during AED therapy, especially for valproate, might have a detrimental effect on cognitive development. Data from the Neurodevelopmental Effects of Antiepileptic Drugs Study are therefore reassuring, albeit the numbers studied were small. IQs for breastfed children did not differ from those that were not breastfed either for all AEDs combined or for those exposed to the individual AEDs studied, which included valproate. 88 For levetiracetam, plasma concentrations in breastfed infants are low despite extensive transfer of levetiracetam into breast milk. 86 
CONCLUSION
There are advantages of using lamotrigine and levetiracetam rather than valproate in women of child-bearing years with IGEs or unclassified epilepsy syndromes. In particular, their lesser propensity for causing MCMs, cognitive delay and behavioural upset in exposed fetuses makes them attractive alternatives. In addition, both appear to have a lesser impact on fertility and bone health.
Using lamotrigine instead of valproate is not however without its difficulties, especially considering its bidirectional interactions with hormonal methods of contraception and the tendency for serum levels to fall through pregnancy. How to manage these is not yet resolved. With regard to levetiracetam, there does not appear to be any interaction with hormonal methods of contraception and while as yet there are no reports of seizure deterioration in pregnancy, serum levels have been shown to fall as much as lamotrigine levels during pregnancy. There is clearly a need for further study to determine whether or not the issues which occur with lamotrigine apply to levetiracetam.
Of equal importance and maybe sometimes forgotten too readily, is that lamotrigine is not as good as valproate for treating generalized or unclassified epilepsy syndromes, and while clearly levetiracetam works for these syndromes, 89, 90 as yet there are no head to head studies comparing it with the gold standard treatment, valproate. Avoiding valproate therefore means that some women will suffer unnecessary seizures, with all the risks and psychosocial consequences thereof.
In conclusion, despite the increasing number of broad spectrum AEDs to choose from, women with epilepsy have difficult choices to make when choosing the most appropriate AED for them: should they choose valproate which has the best chance of rendering them seizure free, but which potentially exposes them to a number of undesirable side-effects or later their offspring to significant risks for MCMs and cognitive delay, or should they choose either lamotrigine or levetiracetam, potentially exposing themselves to unnecessary seizures in an attempt to minimize immediate and future problems with valproate, should they ever get pregnant?
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